Regulation of mitochondrial outer-membrane carnitine palmitoyltransferase (CPT I): role of membrane-topology.
The topology of the outer membrane carnitine palmitoyltransferase (CPT I) of rat liver mitochondria was studied systematically using several experimental approaches. Studies with immobilized malonyl-CoA and octanoyl-CoA showed that functionally the active and regulatory sites of CPT I are exposed on the outer (cytosolic) surface of the mitochondrial outer membrane. Anti-peptide antibodies generated against three linear peptide sequences that occur in between and on either side of two hydrophobic, putative transmembrane domains were used to (a) ascertain which were bound by intact mitochondria and mitochondria in which the outer membrane was permeabilized to proteins; and (b) to determine the size of fragments generated by limited proteolysis (by trypsin or proteinase K) of CPT I in intact or outer membrane-ruptured mitochondria. The sizes and immunoreactivity of the proteolytic fragments generated were correlated with the effects of the proteases on CPT I activity and malonyl-CoA sensitivity. The results of all the different approaches suggested the following: (i) CPT I has two transmembrane domains; (ii) both the N- and C-termini are exposed on the cytosolic side of the membrane; (iii) the linker region between the two transmembrane domains protrudes into the intermembrane space; (iv) both the active site and the malonyl-CoA-binding site are exposed on the cytosolic side of the membrane; (v) the amino-terminus of the protein interacts with the C-terminal domain of the protein to maintain the optimal conformation required for activity of the enzyme and its sensitivity to malonyl-CoA.